ABSTRACT A survey of the vectors of spotted fever group Rickettsiae and of murine typhus was carried out in Rahat, a Bedouin town in the Negev Desert, where the diseases are endemic. Houses with known cases of spotted fever group Rickettsiae or murine typhus were compared with those without reported clinical cases. A neighboring Jewish community, Lehavim, where no cases of spotted fever group Rickettsiae and murine typhus were reported in recent years, was used as a control. In the houses of patients with spotted fever group Rickettsiae in Rahat, an average of 7.4 times more ticks were found than in control houses. Out of 190 ticks isolated from sheep and goats or caught by ßagging in Rahat, 90% were Rhipicephalus sanguineus (Latreille), 7.9% Rhipicephalus turanicus Pomerantzev, and 2.1% were Hyalomma sp. In the houses of patients with murine typhus, three times more rats were caught and, on the average, each rat was infested with 2.2 times more ßeas than rats in the control houses. Out of 323 ßeas collected from 35 Norwegian rats (Rattus norvegicus Berkenhout), 191 were Xenopsylla cheopis Rothschild and 132 Echidnophaga murina Tiraboschi. Thus, there was a six to seven times higher probability of encountering a tick or ßea vector where infections had occurred than in control houses in Rahat. The percentage of rats seropositive to Rickettsia typhi was similar in study and control households (78.3 and 76.2, respectively). In the control settlement, Lehavim, only three Mus musculus L. were caught, which were not infested with ectoparasites and their sera were negative for murine typhus. Out of 10 dogs examined in this settlement, 15 R. sanguineus and eight specimens of the cat ßea (Ctenocephalides felis felis Bouché ) were isolated. No rats were caught in this settlement. These data indicate that there is a correlation among the density of domestic animals, their ectoparasites, and the incidence of spotted fever group Rickettsiae and murine typhus in Rahat.
MEDITERRANEAN SPOTTED FEVER is a tick-borne disease caused by Rickettsia conorii. The disease is distributed widely throughout Africa, Europe, the Middle East bordering the Mediterranean, Black and Caspian seas, and in India. In the Mediterranean area, the main vector of Mediterranean spotted fever is the brown dog tick, Rhipicephalus sanguineus (Latreille). Several strains of spotted fever group Rickettsiae have been isolated from humans and ticks in Israel (Goldwasser et al. 1974 , Manor et al. 1992 . Gross et al. (1984) estimated the annual incidence of the Mediterranean spotted fever in Israel to be 6.2 per 100,000. During 1972 and 1985, 20 Ð 400 (average 200) cases of Mediterranean spotted fever were reported annually to the Ministry of Health (Gross and Yagupsky 1987) . In endemic areas of the country, 10 Ð25% of the people were seropositive to the spotted fever group Rickettsiae (Goldwasser et al. 1974 ).
In the years 1984 Ð1986, an outbreak of Mediterranean spotted fever occurred in Zeelim, a small settlement (kibbutz) in southern Israel. Four percent of the kibbutz members (6% of the children) acquired the disease (Sarov et al. 1987) . The clinical to subclinical case ratio in humans in the Negev district has been reported to be 1:2.2 ).
The causative agent of murine typhus, Rickettsia typhi, is commonly transmitted to humans from its rodent reservoir by the oriental rat ßea, Xenopsylla cheopis (Rothschild). Murine typhus remains one of the most prevalent rickettsial infections of humans throughout the world (Azad 1990 ). In Israel from 1950 to 1969, 4,931 cases, including 15 fatalities, were reported mainly from the coastal cities Tel-Aviv and Haifa (Gratz 1973) . In southern Israel, 8% of 389 sera from Bedouins and from residents of Beer-Sheva and two adjacent towns were positive to murine typhus (Gross et al. 1983) . The reported incidence of rickettsial disease caused by R. typhi and the spotted fever group Rickettsiae in the Negev for 1981 was 20.8/ 100,000 population (Gross et al. 1984) . Out of 40 febrile patients from Rahat, a Bedouin town in Negev desert, 20% were suffering from Mediterranean spot-ted fever, 26% from murine typhus, and 8% from both diseases, according to laboratory examinations and clinical diagnosis (Alkrinawi et al. 1991) .
The objectives of this work were to study the association of the vectors of the spotted fever group Rickettsiae and murine typhus on the occurrence of the diseases in Rahat (a Bedouin urban community), by comparing the habitations of laboratory veriÞed clinical cases and age-matched noninfected residents sharing close proximity. In addition, houses from residents of a nearby suburban Jewish community, Lehavim, where no clinical cases of rickettsial diseases were reported, were examined.
Materials and Methods
Localities. Rahat, which was founded in 1970, is the only Bedouin city in the world. The Bedouins in Southern Israel are a population in transition from seminomadic life style. Therefore, even after they settle down in an urban township, in most of the yards, domestic animals, such as sheep and goats, and fodder can be seen. Lehavim is a newly inhabited Jewish suburban community, which is only 1 km away from Rahat. The only animals in the yards are pets such as dogs and cats. In Rahat, seven houses belonging to patients who had recently been diagnosed as suffering from Mediterranean spotted fever and six houses belonging to patients with murine typhus were examined. For each house with a clinical case, two adjacent houses where no clinical cases had been reported were examined. In Lehavim, 10 houses were randomly selected and examined.
Clinical and Serologic Diagnosis. A rickettsial disease was diagnosed according to the clinical symptoms and conÞrmed by determination of speciÞc IgG and IgM antibodies to R. conorii and R. typhi. Two sequential blood samples, 2 wk apart, were obtained and the immunoperoxidase technique was used for detection of antibodies as previously described (Gilad et al. 1991) .
Rodents. Twenty spring-activated door traps were placed outside the house around the walls and in the garden at each examination site and left for 48 h. Trapped rodents were transferred to a plastic bag and immobilized with ether-saturated cotton wool. Intracardiac blood samples were obtained and ectoparasites were collected by combing the hair with a Þne-tooth comb and manually removing them from the fur with forceps. Domestic Animals. One-hundred and twenty-three sheep and goats in Rahat and 10 dogs in Lehavim were examined for ßeas and ticks by hand for 5 min.
Flagging. Flagging was carried out in a Ϸ100-m 2 area at each site, using a white ßannel ßag (1 by 1.5 m). Serological Examination of Rodents. Sera of rats and mice were examined for antibodies to murine typhus using a peroxidase assay (Gilad et al. 1991) .
Statistical Methods. In this case-control study the proportion of infested animals with infected ectoparasites were compared using descriptive statistical methods. The differences between the proportions in both study groups were analyzed by chi-square and Fisher exact tests as appropriate.
Results
In the houses of patients with Mediterranean spotted fever in Rahat, an average of 2.6 times more domestic animals were found than in the control houses (10 and 3.8, respectively) ( Table 1) . Each animal in the study site was an average of 2.8 times more infested with ticks than animals in the control site (7.6 and 2.7, respectively). In the study households, 80% of the animals were infested with ticks compared with 20% of the animals in the control sites (P Ͻ 0.0001). An average of 76 ticks was found on animals belonging to patients, whereas an average of 10.3 ticks were found on animals in the control houses. Out of 190 ticks isolated, 171 (90%) were Rhipicephalus sanguineus Latreille, 15 (7.9%) were Rhipicephalus turanicus Pomerantsev, and four (2.1%) were Hyalomma sp. R. turanicus was isolated from goats only. With the ßagging technique a total of 12 R. sanguineus specimens were caught in the yard of one patientÕs home.
In the houses of patients with murine typhus in Rahat an average of three times more rats (Rattus norvegicus Berkenhout) were caught than in the control houses (3.5 and 1.2, respectively) ( Table 2) . Each rat in the study site was an average of 2.2 times more infested with X. cheopis than rats in the control site (6.9 and 3.2, respectively). In two yards of patientÕs houses, eight X. cheopis were isolated with the ßagging technique. In the households of the study group, 76.3% of the X. cheopis were isolated versus 23.5% in the control sites (P Ͻ 0.0001). An average of 24.2 ßeas was found on rats trapped in the yard of houses belonging In the control community, Lehavim, three M. musculus were caught and no ectoparasites could be found. The sera of these mice were negative for murine typhus. From the 10 dogs, which were examined in this settlement, 15 R. sanguineus and eight specimens of cat ßea, Ctenocephalides felis felis (Bouché ), were isolated. No rats were trapped in Lehavim.
Discussion
In Rahat, the high density of host animals and the high infestation rate of host animals with ßea and tick vectors in the study houses appears to be associated with the presence of Mediterranean spotted fever and murine typhus. The risk of people in these houses of contracting a ßea or tick vector was six to seven times higher than that of people living in control houses.
A strong correlation has been noted between the seasonal abundance of X. cheopis and the incidence of murine typhus in humans (Traub et al. 1978) . In the United States, 94% of the murine typhus cases have occurred in eight southern states, including Texas, where warm and humid climates prevail. The majority of cases occurred during late spring and early autumn, when X. cheopis was very abundant (Azad 1988) .
Several ßea species have been found to be naturally infected with R. typhi, and laboratory studies on R. typhi in the mouse ßea, Leptopsylla segnis (Schoncher), and the cat ßea showed that these species also can transmit the diseases (Azad and Traub 1987) . However X. cheopis is considered the major vector of murine typhus. Although in our study a high number of E. murina were detected on rats, it is unlikely that this semisessile ßea, similar to L. segnis, will transmit the Rickettsiae to humans (Traub et al. 1978) . Nearly all the reported human cases of murine typhus have been associated with sites where there are large rat populations, mainly R. norvegicus and Rattus rattus (L.), which are crucial to the epidemiology of the disease. In Ethiopia, Burma, and Egypt, the infection rates of rats with R. typhi varied from 0 to 46% (Azad 1990) .
The high percentage of rats seropositive to murine typhus found in our study, indicate that this disease is endemic in Rahat. The fact that rats from houses of patients and from control houses were equally seropositive, shows that most of these rodents come in contact with R. typhi infected vectors sometime during their life-time.
In Israel, R. sanguineus is very abundant and has been found in all geo-climatic areas of the country (Feldman-Muhsam 1956, Mumcuoglu et al. 1993) . The principal hosts of the adult ticks are medium to largesize mammals such as hedgehogs, foxes, badgers, goats, and dogs. Domestic animals such as dogs and goats, which enter infested areas may be infested with ticks and bring them in or close to human dwellings. The hosts of the larval and nymphal stage in the wild are rodents, insectivores and lagomorphs (Mumcuoglu et al. 1993) . One family houses with a garden and dog in small settlements or on the periphery of large cities are the most prone to be infested with the domestic strains of these ticks (Gilot et al. 1992) .
A study, which was conducted in kibbutz Zeelim (a settlement close to Rahat), where several clinical cases of Mediterranean spotted fever had been reported, as well as in Reim, a nearby kibbutz, where no clinical cases of Mediterranean spotted fever were observed, showed that R. sanguineus and probably also R. turanicus are the vectors of Mediterranean spotted fever (Mumcuoglu et al. 1993) . Using ßagging and CO 2 -trapping techniques, approximately nine times more ticks were collected in Zeelim than in Reim. R. sanguineus constituted 99.3% of the ticks in Zeelim, whereas in Reim R. turanicus was the most abundant species. Differences in soil temperature, ambient temperature above the soil, and soil composition in the two sites were found to be responsible for the differences in tick fauna.
In Israel, R. sanguineus is the main vector of R. conorii. Females transmit the Rickettsiae transovarially to the next generation. Nymphal stages and adult ticks can, through transstadial transmission, remain infested with Rickettsiae throughout their life, and therefore can act as the main reservoir of R. conorii. The prevalence of spotted fever group Rickettsiae was studied in questing ticks collected from kibbutz Zeelim and Reim using the immunoßuorescence technique. Of the 549 R.sanguineus examined in 1989/1990 from Zeelim, 7.3% were positive for spotted fever group Rickettsiae, whereas 2.2% of R. turanicus in Reim (n ϭ 156) were positive. In 1994, 51 out of 186 (27.4%) ticks in Zeelim and three out of 115 (2.6%) ticks in Reim were positive for spotted fever group Rickettsiae (Guberman et al. 1996) .
In Zeelim, 7.1% of dog owners acquired the disease during the period 1984 Ð1989, compared with only 1.4% of people without dogs (Mumcuoglu et al. 1990 (Mumcuoglu et al. , 1993 . Approximately 30% of dogs randomly sampled in Israel, and 82Ð 84% of the dogs belonging to communities, where outbreaks of human spotted fever had occurred, were positive for R. conorii (Keysary et al. 1988) . Ninety percent of dogs in Reim and 100% of dogs in Zeelim were seropositive for R. conorii (Mumcuoglu et al. 1993) .
Rhipicephalus turanicus is a closely related species to R. sanguineus and widely distributed throughout the world. Both species are often found on the same host (Pegram et al. 1987) . This species has adapted itself to the suburban regions of large cities in France, Morocco, and Israel and is able to live in arid as well as humid areas (Gilot et al. 1992 ). More than 90% of the Rhipicephalus population on cattle, sheep, and goats in southern Israel is R. turanicus (Feldman-Muhsam 1956, Feldman-Muhsam and Saturen 1961) . Rodents and insectivores are the main hosts of the larval and nymphal stages (Mumcuoglu et al. 1993) .
In contrast to R. sanguineus, which is ecologically ßexible and tolerant of a large range of climatic conditions, R. turanicus although widely distributed, is ecologically more limited, being restricted to a narrower range of temperature and humidity conditions and having a shorter period of activity (FeldmanMuhsam 1956 (FeldmanMuhsam , 1968 Rubina et al. 1984; Mumcuoglu et al. 1993) .
The absence of goats, sheep, and rats in Lehavim as well as the low infestation rate of dogs with ticks might explain why Mediterranean spotted fever and murine typhus have not been reported in this community, despite the close proximity to the Bedouin township.
The presence of farm animals in an urbanized community may enhance existing zoonotic diseases or even result in the introduction of new ones. The observations described in this study are relevant to other populations in transition and the worldwide problem of "shantytowns" adjacent to urban communities.
